In Kleine-Levin syndrome (KLS), episodes of hypersomnia and cognitive, psychiatric and behavioural disturbances alternate with asymptomatic periods in adolescents. We evaluated whether psychiatric disorders would emerge during asymptomatic periods in a naturalistic, uncontrolled clinical cohort. Patients with primary KLS underwent psychiatric interviews at diagnosis and every year for 1-10 years, leading to diagnosis of former and present comorbid psychiatric disorders. Among the 115 patients (65.2% male and aged 16.1 AE 4.8 years at KLS onset), 19 (16.5%) had a history of psychiatric disorder prior to KLS onset, which persisted afterwards in 10. Twenty-five (21%) patients developed a new, comorbid psychiatric disorder 1-6 years after KLS onset, during 'asymptomatic' periods, including mood disorders (n = 14; including major depressive episodes, n = 8; recurrent depressive episodes, n = 2; bipolar I disorder, n = 1; dysthymic disorder, n = 1; adjustment disorder with depressive mood, n = 1; and mood disorder not otherwise specified, n = 1), anxiety disorders (n = 7), eating disorders (n = 2), psychotic disorders not otherwise specified (n = 2), schizoaffective disorder (n = 1) and cannabis dependence (n = 1). Six patients attempted suicide: two before and two after KLS onset, and two during episodes. Female sex, longer disease course, longer time incapacitated (356 AE 223 versus 155 AE 186 days) and more frequent psychiatric symptoms during episodes (but no family or personal history of psychiatric disorders) were associated with emerging psychiatric disorders. Contrary to the alleged benignity of KLS and normality between episodes, one KLS patient in five suffers from emerging psychiatric disorders. These disorders may depend on personal vulnerability and, most probably, on psychiatric symptoms during episodes.
per year , which has a major impact on their life and academic choices, lithium therapy may be considered (LeuSemenescu et al., 2015) .
Between episodes, patients have normal sleep, mood, behaviour and cognition. However, this concept of complete normalization has been recently questioned because one-third of patients were found to have mild cognitive impairment (Uguccioni et al., 2015) , and because some hypoperfused brain areas were visible on brain functional imaging during asymptomatic periods (Engstr€ om, Karlsson, & Landtblom, 2014; Huang, Guilleminault, Kao, & Liu, 2005; Kas, Lavault, Habert, & Arnulf, 2014) . In this context, the psychiatric comorbidity of KLS patients during asymptomatic periods is unknown. We observed that some patients developed psychiatric symptoms during asymptomatic periods; thus, we systematized a psychiatric assessment at referral and then every year. We retrospectively examined our cohort to collect information, evaluating: (i) the nature and frequency of psychiatric disorders prior to KLS onset;
(ii) the nature of psychiatric symptoms during KLS episodes; and (iii) how frequently new psychiatric disorders emerged during asymptomatic periods (as well as their associated features).
| ME TH ODS

| Patients
Between 2006 and 2015, KLS was diagnosed according to international criteria: (i) patients experienced episodes of hypersomnia lasting from 2 days to 4 weeks and occurring at least once per year; (ii) during these episodes, patients exhibited cognitive abnormalities, abnormal behaviour, hyperphagia or hypersexuality; (iii) the episodes were separated by intervals of normal alertness, mood, cognition and behaviour, typically lasting several months; and (iv) the symptoms were not better explained by any other disorder (American Academy of Sleep Medicine, 2005) . The diagnosis was made after a systematic procedure that included a review of all clinical, biological, electroencephalogram (EEG), sleep and brain imaging information collected before referral, plus neurological and psychiatric interviews with the patients and their parents/spouse, physical examinations, questionnaires, blood sampling (autoimmunity, metabolism, toxicology and drug use), brain scintigraphy (Kas et al., 2014) or positive emission tomography, and cognitive tests (Uguccioni et al., 2015) . Patients with atypical or differential diagnoses were excluded, as previously described . Patients who had KLS secondary to other disorders, spoke a foreign language or had a mental deficiency were not included in this study. All patients (plus their parents if minors) signed an informed consent for their evaluations to be later used for research purposes. The study was approved by the local ethics committee.
| Evaluations
The senior psychiatrists of the centre performed a semi-structured psychiatric interview during asymptomatic periods. This interview included an evaluation in the presence of the parents/spouse (to collect the family psychiatric history and overt symptoms during episodes), and an individual interview, at baseline and follow-up meetings. All patients were interviewed at least once by EG (psychiatrist). The history of psychiatric disorders before KLS and during asymptomatic periods and a history of psychological and psychiatric care were systematically investigated. The psychiatric interview was conducted following the DSM-IV TR (American Psychiatric Association, 2000), looking for Axis 1 disorders identified during infancy as well as during adolescence. Then, the psychiatrist systematically checked for mental disorders linked to the use of substances, psychotic disorders, mood and anxious disorders, somatoform disorders, factice disorders, dissociative disorders, eating disorders, impulse control disorders, adjustment disorders, and use of substances (alcohol consumption, tobacco, cannabis and others). The care of family and friends and the adjustment to having the KLS were evaluated.
At baseline patients completed the Stanford KLS Questionnaire (Arnulf et al., 2008) , the Epworth Sleepiness Scale (Johns, 1991) , the Morningness-Eveningness Questionnaire (Horne & Ostberg, 1976) , the Hospital Anxiety and Depression Rating Scale (Zigmond & Snaith, 1983) , the Depersonalisation/Derealisation Inventory (Cox & Swinson, 2002) and the Apathy Scale (Starkstein et al., 1992) .
| Statistical analyses
The measures were the mean AE SD or % and were compared between groups with and without emerging psychiatric disorders using Student's t test or a chi-squared test.
| RESULTS
| Sample characteristics
Among the 177 patients referred for suspected KLS, the diagnosis was disproven or unclear in 21 patients and confirmed in 156 patients. Forty-one patients were excluded (incomplete initial assessment, foreign language, secondary KLS or mental deficiency). Eventually, 115 patients with primary, defined KLS underwent an initial psychiatric assessment. During the follow-up (23 AE 19 months; range: 6-124 months), the mean number of psychiatric assessments was 2 AE 1.4 (range 1-11 assessments); 58 patients underwent multiple psychiatric assessments. Among patients, 9.6% had a KLS onset before age 13 years, 81.7% as teenagers and 8.7% after age 20 years (Tables 1 and 2 ).
| Psychiatric history prior to KLS onset
Among the 115 patients, 19 had a psychiatric history prior to KLS onset (Figure 1 ), including anxiety disorders (n = 15), attention deficit/hyperactivity disorder (AD/HD, n = 2), disruptive behaviour not otherwise specified (NOS, n = 1), brief psychotic episodes (n = 1) and bipolar I disorder, including two suicidal attempts (n = 1) and an isolated suicidal attempt (n = 1). Two patients presented with two psychiatric disorders (childhood separation anxiety plus social anxiety).
A woman with bipolar I disorder had attempted suicide twice at 8 years, suffered from 15 episodes of KLS between ages 18 and 21 years, and had three manic episodes and several depressive episodes after age 30 years (Geoffroy, Arnulf, Etain, & Henry, 2013) . A boy with brief psychotic episodes before KLS onset suffered from two brief episodes with auditory hallucinations (but no concomitant hypersomnia), which disappeared within 2 weeks under neuroleptic treatment. He later developed classical KLS without any delusions.
The anxiety disorders included social anxiety (n = 6), separation anxiety (n = 4), generalised anxiety disorder (GAD, n = 3, including two as childhood GAD) and anxiety disorder NOS (n = 1).
The previous psychiatric disorders had disappeared at the time of evaluation for KLS in nine out of 19 patients (Figure 1 ). They persisted in 10 patients after KLS onset, usually with a higher severity T A B L E 1 Family and personal clinical history prior to onset of Kleine-Levin syndrome in patients with versus those without emergent psychiatric disorders than before. Two of these patients experienced a new major depressive episode after KLS onset, after they had a history of isolated suicidal attempt (n = 1) and social anxiety (n = 1) ( Figure 1 , dotted red square). Among the 9% of patients who had a family history of bipolar disorders, it affected the first-degree family members of only two patients (bipolar mothers) without a personal psychiatric disorder and without emerging psychiatric disorders.
| Psychiatric symptoms during KLS episodes
The psychiatric symptomatology was frequent and various (Table 3) .
Derealisation (feeling of being in an unreal world, in association with altered perception) was the most frequent symptom after cognitive impairment and hypersomnia. It was often the first symptom heralding an episode, and was immediately recognized and feared by the patients. Altered perception included the feeling of seeing as through a glass, seeing in two instead of three dimensions, the perception that things were visually distant, that voices were distant, hypersensitivity to noise, unusual taste of food, a decrease of sensation in the fingers, or a reduced temperature and pain perception (to the point of burning themselves in the bath). Many patients did recognize themselves with difficulty in the mirror (e.g. 'This is me, and this is not me' and 'This is me but with different hair').
Depressive mood tended to be more common among female participants (75.6%) than male participants (58.6%, but p = .08).
Thoughts of death or suicide occurred, mostly in response to the unbearable episode experience, with the idea that the episode would never end. In these cases, derealisation was the cause of massive anxiety. When sadness was present, it was associated with rare feelings of guilt or hopelessness, although the cognitions associated with sadness were poor (general cognitive slowness). Two patients attempted to commit suicide during an episode using drugs. The T A B L E 2 Onset and course of Kleine-Levin syndrome in patients with versus those without emergent psychiatric disorders alleged motive was the feeling that derealisation was interminable in one case and depressive mood in the second case.
Hallucinations were reported by almost half of patients. They were mainly visual (e.g. an unknown male face or an animal). Auditory hallucinations were mainly elementary (brief noises). Some were fleeting. In rare cases, patients heard voices, with often ordinary and simple content (e.g. someone calling their name) and almost always devoid of insulting content.
Delusions, when present, were most often isolated. The predominant delusive ideas were ideas of reference (i.e. the feeling of being scrutinized by others when the patients were outside of their home and a feeling of surrounding hostility). Sometimes patients experienced the disagreeable feeling that their uneasiness was perceptible to others. In rare cases, delusive ideas were part of a psychotic-like episode and consisted of interpretations with a theme of persecution (e.g. 'There are hidden movie cameras watching me') or with megalomaniac ideas ('I can drive this plane', 'I know where every car is going' and 'I am Jesus').
Changes in behaviour included needing to stay alone in their room, being mostly inactive, and limiting exchanges with others to simple 'yes'/'no' answers. Apathy was predominant and mostly consisted of stopping activities (especially their favourite activities).
Most patients stayed in their bed with their eyes closed, even when they were not asleep. With the development of the disease, apathy varied within an episode (major at the onset and minor before the end) and within the same day (major in the morning and minor in the evening). A lack of usual politeness or hygiene was common.
Babyish behaviour (puerility) was observed in some patients.
Hypersexuality was present in some episodes in only 30% of patients, including overt masturbation, placing their hands in their underwear or demanding more sex from their partners. A 14-year-old boy entered the shower when his stepmother was bathing and asked her to have sex with him. A 16-year-old boy sent obscene texts ('I will F. you') to his aunt, and another asked his mother (with a baby voice) to masturbate him. Megaphagia was almost as frequent as decreased eating and consisted of episodes of gluttony regarding sweet or fat food (e.g. eating an omelette of 16 eggs). Many patients had some episodes of increased eating and others had episodes of decreased eating. Some patients had obsessive ideas about certain foods (e.g.
demanding only orange juice, but 8 L per day).
| Psychiatric disorders emerging from asymptomatic episodes
Among the 115 patients, 25 (21%) met the criteria for a psychiatric diagnosis during 'asymptomatic' periods, which emerged 1-6 years F I G U R E 1 Flow chart of psychiatric disorders that occurred prior to and after the onset of the Kleine-Levin syndrome (KLS). The disorders that persisted (n = 10) or emerged (n = 23) after KLS onset are within red squares. Note that two patients (dotted red lines) had a psychiatric disorder prior to KLS and also developed a different psychiatric disorder after KLS onset; they were included in the eventual 25 patients with emerging psychiatric disorder. AD/HD, attention deficit/hyperactivity disorder; GAD, generalised anxiety disorder; MDD, major depressive disorders; NOS, not otherwise specified; SA, suicidal attempt after KLS onset (Figure 1 ). Diagnosis included mood disorders (n = 14), anxiety disorders (n = 7), psychotic disorders NOS (n = 2), eating disorders (n = 2), schizoaffective disorder (n = 1) and cannabis dependence (n = 1). The mood disorders included major depressive disorder with a single episode (n = 8, one with psychotic features), recurrent major depressive disorder (n = 2), bipolar I disorder (n = 1), dysthymic disorder (n = 1), adjustment disorder with depressed mood (n = 1) and mood disorder NOS (n = 1). There were three suicidal attempts (by two patients) before KLS onset, two during episodes of KLS (two patients) and two during 'asymptomatic' periods (two patients; both attempted suicide by massive ingestion of drugs, one because of an unhappy love affair, and the other because of a conflict with her husband). Among the 16 patients with emerging mood disorders, 14 (87.5%) had had depressive symptoms during episodes, whereas this was the case in 56/97 (57.7%) patients without emergent mood disorders (p = .046). The anxiety disorders included GAD (n = 3), panic disorder (n = 1), agoraphobia (n = 1), social anxiety (n = 1) and anxiety disorder NOS (n = 1). Bulimia without vomiting occurred in two men and was comorbid with another psychiatric diagnosis.
| Features associated with emergent psychiatric disorders
Compared with the 90 patients without new psychiatric disorders, the 25 patients with emerging psychiatric disorders more commonly were female, were older at the time of the study, had undergone psychiatric care, and had a poorer adjustment to KLS (Table 1) . This group had a longer KLS course, had had more frequent visits to the centre, had suffered more episodes (their longest episode being longer), were incapacitated for a longer time and more frequently experienced stress as a trigger for relapses than the group without psychiatric disorder (Table 2 ). Age and triggering events at KLS onset, as well as episode frequency and duration, were not different between groups. During episodes (Table 3) , the group with emerging psychiatric disorders more commonly experienced depressive mood, psychomotor excitement, anxiety, thoughts of death, intrapsychic hallucinations and delusive ideas than the group without psychiatric disorders (these symptoms were not related to disease duration, or number and duration of episodes). They had been more frequently hospitalized in a psychiatric ward during episodes. In contrast, the total sleep time, the severity of derealisation and apathy, and the frequency of irritability, cognitive impairment, suicidal ideations and attempts (but p = .06), other types of hallucinations, ideas of reference and self-mutilation, and eating and sexual disorders, did not differ between groups. During asymptomatic periods (Table 4) , hypnagogic hallucinations were more frequent in the group with than in the group without emerging psychiatric disorders, without any difference in night-time sleep duration and quality, chronotype, daytime sleepiness and frequency of nightmares. The group with emerging psychiatric disorders had higher mean subscores on the Hospital Anxiety and Depression Rating Scale and a higher bulimia subscore on the Eating Attitude Test. close to that of our KLS group. AD/HD and psychotic disorders were rare (1.7% each). In questionnaires, AD/HD was more frequent in KLS patients than in healthy controls in the USA (Arnulf et al., 2008) , but not in France . All in all, there is no indication here that psychiatric disorders in childhood predispose to later development of KLS.
| DISCUSSION
The psychiatric symptomatology during KLS episodes has been previously described in several studies (Arnulf, Zeitzer, File, Farber, & Mignot, 2005; Arnulf et al., 2008; Huang et al., 2012; Wang et al., 2016) , but has sometimes been based on questionnaires rather than on psychiatric interviews (Arnulf et al., 2008) .
It most resembled clinical features of mood disorders and psychotic disorders. Nearly two-thirds of patients were depressed during at least one episode, which is higher than figures in previous series from the USA (53%), Taiwan (23%-40%) and China (41%) (Arnulf et al., 2008; Huang et al., 2012; Wang et al., 2016) . Regular interviews with psychiatrists in this study, rather than questionnaires, may explain this modest discrepancy. Suicidal ideation and thoughts of death were reported by 18%-22% of patients, but they rarely led the patients to attempt suicide. The major apathy may have prevented this outcome. The presence of depressive mood or irritability (in two-thirds of patients), and of negative thoughts or suicidal ideation, along with hypersomnia and cognitive disturbance, may suggest a diagnosis of a depressive episode, especially in a teenager. In particular, rapid cycling bipolar disorder may sometimes resemble an atypical KLS form, but it is devoid of neurological symptoms (Cheung, 2012) . Also, lithium therapy (a treatment of bipolar disorders) is beneficial in KLS (Leu-Semenescu et al., 2015) . Consequently, it has been hypothesized that KLS may belong to the bipolar/mood disorders spectrum. However, there is evidence against this hypothesis, including a sudden (versus progressive in mood disorders) onset/offset of episodes, their brevity (many episodes last 1-2 weeks), complete normality between episodes and organic features (confusion and amnesia). Also, the absence of a manic switch during episodes when receiving high doses of intravenous steroids argues against KLS as a form of bipolar disorder (Leotard et al., 2018) . To determine whether KLS was (as bipolar disorders are) associated with a higher frequency of a family history of bipolar disorders, we explored their presence through direct interviews with parents and not just through questionnaires. Such a history was found in 9% of patients but in only 1.7% of their first-degree family members. Eventually, two KLS patients developed bipolar I disorder, but one had previously experienced an infantile depressive episode, suggesting bipolarity had started before KLS onset. Overall, these results do not suggest that KLS could be a specialized form of bipolar disorders.
Psychotic-like symptoms during KLS episodes included hallucinations with a frequency (46%) comparable to that among Taiwanese children (30%-40%), but higher than that among Chinese (9%) and American (27%) patients (Arnulf et al., 2008; Huang et al., 2012; Wang et al., 2016) . They were mostly visual (whereas they are verbal-auditory in psychotic disorders) and had a mild frequency and intensity. The auditory hallucinations were rare and elementary or ordinary without any insulting content, making the differential diagnosis with psychotic episodes easy. However, in some cases, a frankly psychotic-like presentation was a real challenge to diagnosis (e.g. delusions of being spied on). The presence of previous clear-cut episodes with hypersomnia and cognitive problems helped in adjusting the diagnosis, but a first KLS episode with delusional symptoms in a teenager may be challenging. Ideas of reference have been studied here for the first time and were found in 28% of patients. Their intensity varied from the feeling that surrounding people perceived the patient's uneasiness, feeling that the surroundings were hostile, to the feeling that people looked at patients with bad intentions and sometimes spoke about them. They probably contributed to the desire of patients to stay in their room or house during an episode.
Poor self-recognition in the mirror was also a frequent psychotic-like symptom.
Between episodes, functioning is supposedly normal. This point is a criterion for KLS diagnosis. Therefore, the psychiatric comorbidities emerging during 'asymptomatic' periods have previously been poorly studied. Only three of the 168 case reports mentioned longterm psychological changes in KLS patients (Arnulf et al., 2005) , including a teenager who developed a borderline personality disorder (Miller, 1970) , a patient who became more solitary (McLaughlin, 1973) , and a teenager who became more insolent (Sagar, Khandelwal, & Gupta, 1990) . Among psychiatric disorders developing in this study after KLS onset, mood disorders were prominent. This might be secondary to suffering a chronic medical disorder, as anxiety and mood disorders are the most common psychiatric disorders associated with chronic medical disorders. For example, patients with narcolepsy have frequent psychiatric comorbidities, including mood (36%) and anxiety (25%) disorders (Ruoff et al., 2017) , which are above the percentages of comorbid mood (14%) and anxiety (19%) disorders in KLS. However, unlike the daily symptoms of narcolepsy and its incurable nature, KLS includes long asymptomatic periods and a frequent, spontaneous disappearance of the disorder after a median of 13 years, which should reduce the difficulty in adjusting to the disease. The disagreeable mental experience during episodes and the unpredictable repetition of episodes, however, constitute strong stressors that predispose patients to anxiety disorders, especially panic disorder and GAD. Even well-adjusted patients without any anxiety disorders feared a new episode and were more attentive to subtle symptoms that may herald an episode. On the other hand, the presence of depressed mood, psychomotor excitement, anxiety, thoughts of death and intrapsychic hallucinations during episodes were more frequent among those who developed an emerging psychiatric disorder. This finding suggests that in addition to the duration and repetition of episodes, the frequency and intensity of psychiatric symptoms during episodes lead to long-term psychiatric impairment. Of interest, 92% of patients with post-KLS psychiatric disorders had no psychiatric disorder prior to KLS onset, which suggests that KLS is deleterious in itself. The significant link between the presence of psychiatric symptoms during episodes and emerging psychiatric disorders suggests that KLS may not only be an unspecific stressor, but that some of the more prevalent symptoms during episodes may persist to a lower but chronic degree.
This long-lasting psychological impairment challenges the idea (and even the KLS criteria, which may be valid for only the first years of KLS) that patients are asymptomatic between episodes.
Cognitive impairment, which is major during episodes, persists in one-third of patients during asymptomatic periods to a milder degree (Uguccioni et al., 2015) . (Carpenter, Yassa, & Ochs, 1982; Fenzi, Simonati, Crosato, Ghersini, & Rizzuto, 1993; Koerber et al., 1984) .
Notably, the emerging psychiatric disorders were varied. In addition to depression and anxiety disorders, two men developed eating disorders (bulimia without vomiting, which is rare in the male population) and one developed schizoaffective disorder. This suggests that KLS promotes different psychiatric complications but not a specific one, either as a trigger for vulnerable subjects or depending on the type of psychiatric symptoms during episodes. The cohort is small scale for accurately measuring the incidence of emerging psychiatric disorders and linking them with the type of psychiatric symptoms during episodes; these infrequent disorders (e.g. bulimia and schizoaffective disorders) could here be unrelated to KLS. Eventually, in this observational cohort, followed for clinical purposes, some patients were lost to follow-up. Consequently, the frequency of emerging psychiatric comorbidities may be under-rated. Having no control group of patients with another rare sleep disorder (followed regularly across several years by the same neurologist and psychiatrist) could be viewed as a limitation, but we are not aware of any other intermittent sleep disorder that can be compared with KLS. Plus, the habit of following patients with KLS with combined neurological and psychiatric evaluations in our centre developed with time and growing experience with this rare disorder. Consequently, this is a naturalistic cohort, not a controlled study, to be viewed as sharing the experience of a large KLS centre with other clinicians and warning them about these unexpected long-term psychiatric complications. The emerging psychiatric diagnoses were made by psychiatrists experienced in psychiatry and in KLS, after long interviews and strictly following the DSM-IV criteria, suggesting that these diagnoses are more robust than those obtained via any questionnaire or via non-psychiatrist clinicians.
| CONCLUSION
These emerging psychiatric complications (mostly mood disorders) challenge the idea that KLS is a benign disorder restrained to a few episodes with no need for a specific treatment. The present study suggests paying attention to emerging psychiatric disorders in KLS, especially in patients with associated features (including female sex, a long disease course and depression during episodes), in order to carefully follow patients and suggest lithium therapy in this vulnerable subgroup.
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